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Abstract— This paper evaluates the performance of five leading
power system analysis softwares in terms of network harmonic
impedance calculation for High Voltage distribution grids.
Based on a set of systematic case studies the first part of the
work presents a comparative analysis of the software packages
in calculation of first resonance point. The different network
element models and load models and their impact on the
resonance parameters are discussed in detail. The second part of
the research work assesses the sensitivity of the resonance
parameters (impedance magnitude and frequency) depending on
the change of certain network model parameters and compares
the results amongst the different software packages. This gives
an idea about the robustness of frequency and magnitude
response at the resonance point and points out the most sensitive
parameter in a HV network.

Index Terms—Frequency Sweep, Harmonic impedance, High
Voltage (HV) distribution network, Resonance.

L INTRODUCTION

The measurement of harmonic impedance in a power
system network has gradually gained importance with the
installation of power electronics based equipment which
injects harmonics into the network (e.g. large converter
stations). For typical European Low voltage (LV) and
Medium voltage (MV) distribution networks the first
resonance frequency is usually above 1kHz (20" order). So
resonance problems are usually not an issue. On the other
hand in High voltage (HV) distribution networks resonances
can occur at frequencies well below 1kHz thus making it a
matter of serious concern. For LV and MV networks in
calculations (e.g. of emission limits) often resonance are
neglected and the simplified impedance line is used. While
this simplification is adequate for LV networks and partly for
MYV networks too, its application to HV networks can lead to
unallowable high inaccuracies at the important harmonic
orders, like 5™ or 7"

In most cases emission limits for lower order harmonics of
equipment or installations are based on currents. Following
the basic EMC concept the value of voltage harmonics in the
grid has to meet compatibility levels or planning levels
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respectively to ensure satisfactory operation of all other
equipment connected to this grid. The accurate calculation of
current emission limits based on permissible voltage harmonic
levels needs reliable information about the harmonic
impedance.

One way to assess the network harmonic impedance is
measurement. Over the years many harmonic impedance
measurement methods have been proposed by researchers
worldwide. Most of these methods are applicable for MV and
LV networks [1-6]. Only a few publications are available on
measurements of the harmonic impedance in HV networks [7,
8]. This is due to the fact that reliable measurement of
harmonic impedance at HV level needs usually complex, cost-
intensive setups and often involves a significant intervention
to the network operation, which is certainly not accepted by
the network operator.

Another possibility to obtain the harmonic impedance is
the simulation of the HV network in a harmonic analysis
software package. In an earlier project harmonic impedance of
a particular 110-kV-grid was simulated by using two different
software packages (one from the network operator, one at the
university). The network schema was similar in both software,
but the obtained results differed significantly. To identify the
reasons for the differences and to verify the performance of
other software packages, a comparison of 5 different packages
based on a reference grid with a distinctive resonance was
carried out and the results are presented in this paper.
Particular focus was set on the study of various models of the
different network components present in each of the software
and the possible impact of model parameter variation on the
harmonic impedance.

This paper is organized as follows: the developed
reference network is introduced in section 2. Section 3 gives
an overview of selected software packages and a brief
discussion on the different network component models
included in them. The implementation of the reference
network in each software package and the comparative
analysis by different case studies are presented in section 4.



Section 5 deals with the sensitivity analysis of the first parallel
resonance (frequency and impedance magnitude).

II.  REFERENCE NETWORK

The typical behaviour of a European HV distribution
network should be exhibited by a reference network.
Therefore, instead of using one of the IEEE test networks, a
reference network based on the typical parameters of a
meshed HV distribution network was developed having
distinct resonances well below 1 kHz.

The network consists of 14 buses with 3 infeed points.
Infeed 1 is maintained as reference bus at a nominal voltage
level of 220 KV (line to line voltage). The total rating of the
infeed transformers is 600 MVA. To meet the (n-1) criteria the
cumulative load under full load condition shall be kept a little
below 70% of the total infeed transformer rating. So, the total
connected load is 400 MW at 0.98;,4 power factor. This is
realized by connecting 22 equivalent downstream loads
having two types of load modelling, a series R and L model
and Cigre type C load model. The details of these models are
discussed in the next section. All the equivalent loads are
connected to the HV network by 40 MVA transformers and
each of these combinations is formed as a subsystem and
represented as square box in the network diagram shown in
Fig.1
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Figure 1. 110 KV Reference Network

The short circuit power at each of the 110-kV-buses is
limited to 4 GVA, which is a realistic value for the considered
grid. Based on the length and the type of the lines two
different scenarios are distinguished. A cable network with
average line length of 10 km represents a typical HV
distribution grid in urban regions while an overhead line
network with average line length of 25 km represents typical
rural regions.

III. SOFTWARE PACKAGES AND COMPONENT MODELS

A.  Software overview

A lot of different software packages for power system
analysis are available in the market. Most of them offer the
possibility of harmonic simulation. Fig.2 gives an overview of
the selected simulation packages with integrated harmonic

analysis module. However due to different types of
component models some of them are more suitable for
harmonic analysis than others.
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Figure 2. Different component models in the selected software

Some software packages having frequency dependent
transmission line model requires detailed information on
tower and conductor geometry. Due to time constraint and
unavailability of accurate data these packages are excluded
from the comparison.

B.  Component models

1)  Transmission line model
From Fig.2 it can be seen that almost all software packages
have a lumped and a distributed model. The lumped model
represents the nominal m model which is used for short
transmission lines. With the increase in line length or
frequency, distributed parameter model becomes important.

The distributed model provided by software 2 partly
differs from the other softwares because of the inherent
frequency dependency of transmission line resistance and
inductance. This model is selected by default for harmonic
analysis without the option to change it to the lumped model
for comparative analysis. Software 3 provides a distributed
model based on Bergeron’s model for EMTP analysis, which
means it neglects the transmission line losses. Software 5 only
uses a T equivalent model, where the number of m-elements is
automatically determined by the line length. Strictly speaking
this is not a true replacement for distributed parameter model
and thus it may lead to inaccuracies when the line length and
operating frequency increases.

2) Transformer model

Mainly two types of model are present in the softwares,
the Classical model and the High frequency model. The later
includes the inter-winding capacitances and the bushing
capacitances thus making it more suitable for transient
analysis. Hence the classical model is used for all the case
studies. Software 4 and software 5 mention explicitly, that the
classical model is implemented as a m equivalent circuit
having two nodes, instead of the more common T equivalent
circuit having three nodes. But this should not influence the
simulation results at all.

3) Load model
Two types of load modelling have been implemented in
the reference network, the default load model and the Cigre



type C load model. The default load model is a series
connection of resistance (R) and inductance (L). Software 1
selects this model by default while performing harmonic
analysis. Other software packages allow the selection of either
a series RL connection or a parallel RL connection. For
comparing the software on the same ground the series RL
connection is always used for the first type of load model.

The Cigre model was designed by the Cigre working
committee and is especially designed for MV-load modelling
for harmonic impedance analysis [9]. Over a frequency range
corresponding to harmonics between 5th and 20th order the
loads are represented by the scheme as shown in Fig.3.
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Figure 3. Cigre Type C load model (source: [10])

The element parameters are calculated as follows:

V2
R =— 1
= (1)
X, =0.073xhxR, 2)
hxR
X, = 3)
6.72—0.74
P

The parameters are nominal voltage V and active and
reactive powers P and Q at 50Hz.

IV. COMPARATIVE ANALYSIS

The reference network introduced in Fig.l1 has been
implemented in each of the above mentioned softwares. To
ensure exact representation of the network, load flow results
had to be similar between the different software packages
before proceeding with further case studies.

A.  Overview of possible case studies

Based on the different parameters present in the reference
network, like load model, transmission line type and the
different loading states, a set of possible cases was formulated.
The different variable parameters including the possible values
are listed in the following Fig. 4.

Load model Line Type Line model Loading state
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[J Cigre model [J Overhead [ Distributed ] Half load (50%)
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Figure 4. Overview of variable network parameters and their values

Based on the table in Fig.4 a total of 128 case studies have
been carried out in the first 4 software packages. The results of

the first case in software 5 are significantly different with the
other software packages and hence no further cases have been
carried out in it. All simulations consider only positive
sequence system. The specific behaviour of zero sequence
impedance wasn’t considered in this stage.

Fig.5 shows a typical frequency sweep analysis plot with
the worst performing bus marked with an arrow at the first
parallel resonance point. The worst performing bus is the one
from which maximum harmonic impedance of the network is
perceived. For the reference network this is always bus 4.
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Figure 5. Network harmonic impedance from different buses

B.  Scenario I: Default load model, distributed line model,
cable network

All the 22 downstream loads are modelled as series
connection of R and L. The total network is considered to
have only cable transmission line. Keeping these parameters
constant, the loading state is now varied from a full load
condition, which is equal to 70% of the total rating of infeed
transformers, to half load and low load condition respectively.
The results obtained from the five softwares for the first
resonance point at the worst performing bus are given in Fig.6.
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Figure 6. Results for scenario I
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Fig.6 shows that both the frequency and magnitude
response lies well within 5% range for the software 1 to 4. Just
for illustration the significant different results of software 5
are shown too.

C. Scenario II: Cigre load model, distributed line model,
cable network

Keeping the transmission network same as in the previous
scenario, all the downstream loads are now replaced by Cigre
Type C load model. Fig.7 shows the results, but for software
packages 1 to 4 only.

The comparison of the results in Fig.6 and Fig.7 points out
two important conclusions. While frequency of first resonance
point is similar for both scenarios, the Cigre load model



provides a much more realistic damping behaviour than the
simple series RL model. Magnitude and quality factor for
Cigre load model are smaller than for the series RL model.
This proves that Cigre model is the more realistic model for
harmonic impedance analysis.
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Figure 7. Results for Scenario 11

D. Comparison of lumped and distributed line model for
Scenario I1

The distributed line model is recommended for line
lengths much longer than the ones in the reference model.
However due to the analysis of frequencies significantly
higher than power frequency it may be necessary to switch
from lumped to distributed model even for small line lengths.
The results of the comparison are shown in Fig. 8.
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Figure 8. Percentage difference between lumped and distributed parameter

Results from software 2 are absent as it does not support
lumped parameter model for harmonic analysis. The results
from other softwares show insignificant difference between
the two types of line modelling. No bar is visible for the
frequency difference of software 4, because the software
delivers same results for both the line models.

E. Summary

Load modelling has a significant impact on overall
damping of the network and thus significant influence on the
quality factor. So it is extremely important to model the
downstream equivalent load as accurately and appropriately as
possible. However if only resonance frequency is considered,
then load modelling does not have a significant impact.

The maximum of the first parallel resonance is much
smaller and the bandwidth is much wider in case of a cable
network. In terms of quality factor an overhead line network
will always have higher quality factor compared to a cable
network Moreover a cable network has always a lower
resonance frequency as an overhead line network of
comparable size.

For distribution networks of small size the results are
almost independent from the chosen transmission line model
(lumped or distributed) unless the considered frequencies
exceed 2 kHz.

V.  SENSITVITY ANALYSIS

As it has been discussed before, one of the most practical
solutions for harmonic impedance assessment is simulation.
Though it may seem to be a lot easier than doing a
measurement, in reality there are certain points which makes it
difficult to perform accurate simulations. Examples are
availability of accurate data for all the required model
parameters or incorporation of time-dependent parameter
variations, which is typical for real networks.

To address these issues, a sensitivity analysis is performed
to assess the influence level of a particular parameter to the
overall harmonic impedance of the network. This gives a first
idea of the maximum permissible error which is allowed in the
input data of certain parameters without affecting the results
too much.

A.  Overview of possible case studies

The parameters of the following network components are
varied for the sensitivity analysis: infeed transformers, load
transformers, transmission lines. Each of the transformers has
a series component which includes the leakage reactance and
the winding resistance and a shunt component which includes
the magnetizing reactance and core loss resistance. The
transmission lines have a series resistance and reactance, and a
shunt capacitance. The shunt conductance is neglected.

Based on these parameters a set of 66 practical case studies
have been formed. The cases include different loading states
as well as different type of network (cable, overhead line). For
each of these cases the parameters are changed by +10% with
respect to the base value. Due to the similarity of the results of
software 1 to 4, software 1 was chosen for the detailed
sensitivity study.

The results show that the harmonic impedance is more
sensitive to certain parameters than to others. Therefore all
above mentioned parameters are classified in three categories
based on their sensitiveness towards the first resonance
frequency and impedance magnitude. From each category the
parameter showing most consistent behaviour is shown in
Table I.

TABLE I. CATEGORISATION OF NETWORK PARAMETERS

Most sensitive
parameter

Medium sensitive
parameter

Least sensitive
parameter

Line capacitance

Infeed transformer
series reactance (flux
leakage component)

Infeed transformer
shunt reactance
(magnetizing
component)

In the second step the parameters in Table 1 are used to
verify, if the sensitivity in the different software packages are
comparable. Results for one of the case studies (full load
condition, cable network) are presented in Fig.9. The software



packages 1 to 3 show almost identical behaviour, which could
be observed for the other cases in a similar way. Software 4
behaves slightly different, but within an acceptable range.
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Figure 9. Network component sensitivity at the first resonance point

To study the linearity of the influence, the parameter with
highest influence (line capacitance) on the harmonic
impedance is varied in the range +30% in steps of 10% in all
software packages. The results for frequency and impedance
magnitude at first parallel resonance are presented in Fig.10.
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Figure 10. Variation of resonance parameters

Fig. 10 shows that all software packages have equal
behaviour in terms of sensitivity. A non-linear relationship can
be observed, which is slightly higher for the impedance
magnitude change at resonance point.

B. Summary

In a cable network the impedance magnitude is more
robust to the change of the parameters compared to the
resonant frequency. This is observed for full load and low load
states. However, under no load condition the frequency is
found to be more robust compared to the impedance.

In an overhead line network a completely opposite
behaviour is found. In this case the frequency shows a more
robust response compared to the impedance magnitude for full
load and low load states. However, under no load condition no
such specific behaviour can be found.

VI. CONCLUSION

This paper presents a comparison of the performance of
different power system analysis software packages in terms of
calculating the network harmonic impedance. The study
focuses on HV distribution networks, how they are typical for
Central European countries. 4 out of 5 selected software
packages show similar and consistent results. Hence
simulation of harmonic impedance of HV distribution
networks is in most cases easier than measurement, but care
has to be taken for consistent and accurate input parameters.

E.g. the type of load model has a significant influence on the
calculated impedance magnitude. The impact of imprecise
parameter values is studied by a sensitivity analysis. Line
capacitance was found to have the highest impact on the
accuracy of the calculated resonance. The sensitivity
behaviour of the different software packages doesn’t show any
significant difference. The performance comparison shows
that at least the first 4 analysed software packages are well
suitable for harmonic studies. There is no explicit best-
performing software.

This study has only shown the differences in the results
between different software packages. To determine the
absolute accuracy of the results, simulations have to be
compared with real measurements. Implementing a real HV
distribution network in software 1 and performing respective
measurements of the harmonic impedance are planned in the
near future. Moreover with the developed simulation
environment the work on the harmonics part of the HV
amendment to [10, 11] could be efficiently supported.

ACKNOWLEDGMENT

The authors gratefully acknowledge the contributions of all
the software manufacturers for providing the simulation
packages and extending help in the form of technical support.

REFERENCES
[1] F.Zavoda, “Measurement of the harmonic impedance of LV
distribution  supply system (120/240V)”, 19th International

Conference on Electricity Distribution, Vienna, May, 2007.

[2] W.Wang, E.E.Nino, W.Xu, “Harmonic Impedance Measurement using
a Thyristor-Controlled ShortCircuit”, IET publication on Generation,
Transmission, Distribution,1,(5),pp.707-713, 2007.

[3] C.Xie, S.B. Tennakoon, R.Langella, D.Gallo, A.Testa, A.Wixon,
“Harmonic Impedance Measurement of 25KV Single Phase AC
Supply Systems”, Ninth International Conference on Harmonics and
Quality of Power, pp. 214-219,vol 1,2000.

[4] M.J.Bridgeman, R.E.Morrison, S.B.Tenakoon, ‘“Measurement of
harmonic impedance on a LV system utilising power capacitor
switching and consequent predictions of capacitor induced harmonic
distortion”, 8th International Conference on Harmonics and Quality of
Power (ICHQP), Athens, Greece, October, 1998.

[5] R.Gretsch, M.Neubauer, “System impedance and background noise in
the frequency range 2kHz to 9kHz , European Transaction on
Electrical Power, vol 8, issue 5, pp. 369-374, September,1998.

[6] Z.T.Staroszczyk, “Combined, experimental data supported simulations
in development of power grid impedance identification methods”, 14"
International Conference on Harmonics and Quality of Power
(ICHQP), pp. 1-7, September, 2010.

[71 JXie, Y.X.Feng, N.Krap, “Network Impedance Measurement for
Three-phase High-voltage Power Systems”, Asia-Pacific Power and
Energy Engineering Conference (APPEEC),pp. 1-5, 2010.

[8] G.Moreau, H.H.Le, G.Croteau, G.Beaulieu, E.Portales, “Measurement
System for Harmonic Impedance of the Network and Validation
Steps”, Cigre/IEEE PES International Symposium,pp.69-73, 2003.

[9] Cigre working group 36-05, “Harmonics, characteristic parameters,

methods of study, estimates of existing values in the network™ Electra

journal, vol. 77, July 1981.

D-A-CH-CZ Technical Rules for the Assessment of Network

Disturbances, 2™ edition, 2007.

J.Meyer, W.Mombauer, “Assessment of Emission Limits for

Disturbing Installations Connected to HV Distribution Networks in

AT, CH, CZ and GE”, 15" International Conference on Harmonics

and Quality of Power (ICHQP), Hong Kong, 2012.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


